We validated the use of urine to monitor changes in the activity of both the hypothalamic-pituitary-adrenal (HPA) axis and the sympathetic nervous system (SNS) in swine. Ten pregnant sows were fitted with venous catheters 3 wk after mating. In the early (wk 6), middle (wk 9), and late (wk 14) stages of gestation, blood and urine were collected over 24 h to monitor diurnal changes in plasma cortisol, urinary cortisol, and urinary catecholamines (norepinephrine [NE] and epinephrine [EPI]). Dexamethasone suppression tests (DST) and ovine corticotropin-releasing hormone (CRH) challenge tests were also performed at each stage of gestation. All plasma and urinary values changed markedly around the clock. Diurnal variations of urinary cortisol were comparable to those in plasma, with a late nocturnal peak and a trough occurring in the evening. During the dark period, urinary catecholamines were lower than during the light period. Norepinephrine increased sharply after lights came on and
Introduction
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Received April 19, 1999 . Accepted August 10, 1999 420 peaked after meal time. Epinephrine began to rise at the end of the dark period and peaked just before meal time. Average plasma cortisol increased with the stage of gestation, due to higher levels during daylight hours. Dexamethasone at 2000 (20 µg/kg i.v.) decreased plasma cortisol at 0830 and nocturnal cortisol excretion.
The magnitude of the decrease in plasma ACTH and urinary cortisol after DST was lower in late than in early and midgestation, indicating increased feedback resistance at that stage. The CRH (1 µg/kg i.v.) increased plasma and urinary cortisol. Peak levels occurred 30 min and 2 to 3 h after the injection, respectively. Catecholamines and cortisol in urine produced during the night (2000 to 0800) and the early morning (0400 to 0800 and 0800 to 0900) were highly correlated with their 24-h excretion rate. These results indicate that it is possible to monitor changes in the HPA axis and SNS activity through urinary measurements in pigs.
surement of circulating levels of these hormones has provided information on the effects of acute environmental and psychological challenges in farm animals (Dantzer and Mormède, 1983) . However, little is known about how long-lasting conditions affect neuroendocrine activity. Indeed, chronic activation of the SNS and HPA axis is usually associated with only a slight to moderate increase in catecholamines and glucocorticoids. Because of the pulsatility and the circadian variations in the secretion of these hormones, samples must be collected very frequently to obtain reliable basal values. Moreover, the blood sampling procedure may itself elicit acute stress responses, thus interfering with the effect of the factors under study. Alternatives to plasma sampling include urine collection, which offers advantages for studying of HPA and SNS activity: 1) urine is the main elimination route for catecholamines and glucocorticoids; 2) urine can be collected noninvasively when spontaneously voided; and 3) excretion products in urine accumulate over several hours. Thus, concentrations in urine can be considered as more integrative than those in plasma, and they may be more accurate for the detection of variations in HPA axis and SNS basal activity.
Our objective for this study was to validate the use of urine to monitor changes in the activity of the HPA axis and SNS in sows. We examined whether urinary catecholamines and glucocorticoids vary in parallel with their secretion (diurnal changes, response to dexamethasone and corticotropin-releasing hormone). The relevance of the information provided by a single, early morning urine collection for the assessment of the basal excretion rate of these hormones was also investigated.
Materials and Methods

Animals and Housing
Pregnant, multiparous sows (n = 10; 180 to 260 kg body weight; Large White × Landrace) were used in this experiment. Three weeks after mating, the sows were transferred to the experimental room where they remained throughout the gestation period. Animals were housed in individual stalls (.6 × 2.0 m) on concrete floors covered with wood shavings, except for a .4-m slatted dunging area in the rear of the stalls. Lights were on between 0800 and 2000, and the ambient temperature remained within 20 to 25°C.
Feed was delivered once a day at 0900. All sows were initially fed a standard mixed diet based on cereals and soybeans (2.6 kg/d) until d 40 of gestation. Thereafter, sows were fed with fibrous diets because this study was part of a wider experiment to test the influence of dietary fibers on the behavior and metabolism of pregnant sows. Throughout the remainder of gestation, half of the sows received either a high-fiber diet (36.16% NDF, 3.0 kg/d) or a low-fiber diet (18.89% NDF, 2.4 kg/ d), balanced for energy (33.4 MJ/d) (Ramonet et al., 1999) . Water was available for ad libitum consumption through nipple drinkers.
To collect serial blood samples, each sow was fitted with a permanent jugular vein catheter under sterile conditions and general anesthesia, as previously described (Camous et al., 1985) . Surgery was performed at the entrance of the sows into the experimental room (3 wk after mating). The cannulas were maintained by regular and postsampling flushing with sterile heparinized physiological saline. The sows were weighed at the start of the experiment and again at middle and late gestation.
Design
Urine and blood were collected on two successive days at three stages of gestation: early (wk 6), middle (wk 9), and late (wk 14) gestation. In the early afternoon before each sampling period, the sows were fitted with an inflatable vesical catheter (Bard Folex catheter, size 18, 30 mL, Bard SA, Trappes, France) that allowed continuous urine collection into containers located at the back of the stalls, as previously described (Pollmann et al., 1979) .
For the circadian study (d 1), urine and blood samples were collected at 0000, 0400, 0800, 0900, 1200, 1600, and 2000. Additional blood samplings were conducted around meal time (0830, 0915, and 0930). Immediately after the last sampling at 2000, the sows were intravenously injected with dexamethasone (20 µg/kg, Soludecadron, MSD, Riom, France) to suppress endogenous corticosteroid production (dexamethasone suppression test [DST] ). On d 2, urine was collected at 0800 and 0900. Blood was sampled at 0830 and 0900. At 0900, five sows received 1 µg/kg of synthetic ovine corticotropin-releasing hormone (oCRH, Neosystem, Strasbourg, France) through the i.v. catheter. Blood and urine from those sows were subsequently collected at 0930, 1000, and then hourly until 1600. Additional blood sampling was conducted at 0915.
Sampling Procedure
Before each blood sample was collected, approximately 5 mL of blood was drawn and discarded to remove possible residual blood or physiological saline from the catheter. For corticosteroid determination, blood samples were immediately transferred to ice-cold, heparinized tubes and then centrifuged for 10 min at 4°C. Plasma was stored at −80°C until hormone analysis was completed. For ACTH assessment, 1 mL of blood was transferred into ice-cold tubes containing 100 µL of Antagosan (aprotinine, Hoechst, Puteaux, France) and 10 µL of EDTA. Immediately after centrifugation (10 min, 4°C), plasma was collected and stored at −80°C until completion of the analysis. At each urine sampling, the volume in the containers was recorded. Samples of urine were kept and acidified with 6 M HCl (1% of urine volume) and were immediately frozen at −80°C in 30-mL aliquots.
Hormone Analyses
Plasma concentrations of cortisol were quantified with an immunoassay, as previously described (Meunier-Salaü n et al., 1991) . The intra-and interassay CV were 7.6 and 12.5%, respectively.
Adrenocorticotropin levels were determined in plasma collected at 0830, 0915, 0930, 1000, and 1100 on d 1, and in all plasma samples collected following CRH challenge using commercial two-site immunoradiometric assay test kits (IRMA-ACTH, Nichols Institute Diagnostics, San Juan Capistrano, CA). This assay protocol has been validated for pig plasma (Mormède et al., 1994) . The intra-and interassay CV were 3.0 and 7.8%, respectively.
Urinary free catecholamines (norepinephrine [NE] and epinephrine [EPI]) were assayed using an ion-ex-change purification procedure followed by liquid chromatography with electrochemical detection, as previously described (Hay and Mormède, 1997a) . Briefly, urine samples were loaded on cationic columns and the catecholamines were eluted with boric acid. The eluates were then assayed using HPLC with electrochemical detection with an oxidizing potential of +.65V. The intra-and interassay CV were 7.0 and 7.1% for NE and 6.5 and 11.6% for EPI, respectively.
Urinary cortisol and cortisone (the oxidized metabolite of cortisol) were assayed using a solid-phase extraction procedure followed by HPLC with UV absorbance detection (254 nm), as previously described (Hay and Mormède, 1997b) . Briefly, the filtered urine samples were loaded onto C18 cartridges mounted on a vacuum processing station. Corticosteroids were eluted using absolute ethanol. After evaporation of ethanol, the dried residues containing corticosteroids were redissolved in mobile phase and injected into the HPLC system. The intra-and interassay were 7.4 and 10.6% for cortisol and 5.4 and 10.9% for cortisone, respectively.
Creatinine levels were determined using a colorimetric quantitative reaction (Procedure 500, Sigma Diagnostics, Saint-Quentin-Fallavier, France). This method is based on the bleaching of the color derived from the reaction between creatinine and alkaline picrate (Jaffe's reaction) when the mixture is acidified. Thus, the difference in color intensity measured at 500 nm before and after acidification of the mixture is proportional to creatinine concentration.
Data Analyses
The STATISTICA package (Statsoft, Tulsa, OK) was used for the analyses, except for regression analyses. Concentrations of all hormones were analyzed after log transformation to fit the Shapiro-Wilk test of normality. Data were submitted to an analysis of variance with stage of gestation and time of day as within-subject factors and diet as a between-subject factor. When significant, analysis of variance was followed by the Newman Keuls multiple comparison test. Regression analyses were performed using the PRISM package (GraphPad Software Inc., San Diego, CA).
Results
One sow aborted during the experiment, and two bladder catheters were blocked during the first period (early gestation). Therefore, diurnal changes of hormone levels and the effect of dexamethasone were analyzed on the data obtained from nine animals, and the effect of CRH on urinary hormone levels was analyzed on the data obtained from four sows. The dietary treatment had no effect on any of the variables under study.
Reliability of the Creatinine to Correct for the Variable Dilution of Urine
In order to confirm the reliability of creatinine to correct for the variable dilution of urine related to water intake, the concentrations of the hormones expressed as a function of creatinine concentration were plotted against their excretion rate. Regression analysis revealed significant correlations for cortisol (r 361 = .90, P < .0001), cortisone (r 361 = .92, P < .0001), NE (r 361 = .75, P < .0001), and EPI (r 361 = .82, P < .0001). Hence, hormone levels in urine will be presented as concentrations relative to creatinine in the remainder of this article.
Circadian Variations
The excretion of creatinine was not influenced by the stage of gestation and remained stable throughout the 24-h period, averaging 320 (± 33) mg/h. Plasma cortisol changed markedly during the 24-h period (P < .0001, Figure 1a) . A normal periodicity was observed, with high levels in the early morning and a nadir at 2000, just before the onset of darkness. After meal time there was a slight, nonsignificant increase in plasma cortisol. There was a 2.7-fold increase (9.2 vs 24.8 ng/mL, P < .0001) from minimal to maximum cortisol concentrations. Mean plasma cortisol levels increased with the stage of gestation (P < .001). In late gestation, they were 19.95 ng/mL, compared to 12.6 and 15.5 ng/mL in early and middle gestation (P < .001 and < .05, respectively). The difference between middle and early gestation was also significant (P < .05). Noticeably, the differences among the stages of gestation were apparent during daylight hours only, resulting in less prominent diurnal changes in late compared to early and middle gestation (Figure 1b) .
The concentrations of both urinary cortisol and cortisone fluctuated widely throughout the 24-h period (P < .0001). The pattern of the diurnal changes in urinary cortisol was parallel to that seen in plasma ( Figure  2 ). Urinary cortisol peaked in the early morning and declined steadily during daylight hours, reaching a nadir in the evening. There was almost a fourfold increase in urinary cortisol levels (4.5 vs 16.0 pg/µg creatinine, P < .0001) from minimum to maximum. Although average urinary cortisol increased with stage of gestation as in plasma (10.3, 11.4, and 15.3 pg/µg creatinine in early, middle, and late gestation, respectively), the differences among stages failed to reach significance. Cortisone changed in parallel with cortisol (data not shown). There was a 2.3-fold increase from minimum to maximum cortisone concentrations (5.7 vs 13.5 pg/µg creatinine, P < .0001). Noticeably, there was a significant effect of time for the ratio between cortisol and cortisone (P < .0001). The cortisol:cortisone ratio was maximal in the early morning (1.14 and 1.16 in the urine collected over the 0400 to 0800 and 0800 to 0900 intervals, respectively). It decreased thereafter, reaching a nadir in the evening (.76 in the urine collected over the 1600 to 2000 interval). The cortisol:cortisone ratio was lower in late than in early gestation (.84 vs 1.22, P < .05) and was intermediate in midgestation (1.00).
The concentration of both NE and EPI in urine also displayed marked diurnal changes (P < .0001). Average NE levels were low during the dark period (Figure 3a) , increasing sharply after light onset and peaking within the 0900 to 1200 interval. The amplitude of the variation from minimum to maximum approached twofold (3.9 vs 6.4 pg/µg creatinine, P < .0001). The EPI concentrations remained low during most of the dark period (Figure 3b ) and then started to increase within the 0400 to 0800 interval, reaching a maximum during the hour before meal time. At that time, the concentrations were fivefold higher compared to the trough (4.9 vs 1.0 pg/ µg creatinine, P < .0001). Thereafter, there was a progressive decline in EPI levels until 2000. There were no changes in NE and EPI with the stage of gestation.
Dexamethasone Suppression Test
Dexamethasone decreased plasma ACTH at 0830 compared to the values measured on the previous day (.2 vs 4.4 ng/mL, P < .0001). Basal ACTH did not differ among the stages of gestation. However, the magnitude of the drop after DST was lower in late than in early and middle gestation (Figure 4a ), resulting in a significant stage of gestation × dexamethasone treatment interaction (P < .01). Dexamethasone also decreased plasma cortisol at 0830 (4.4 vs 23.6 ng/mL, P < .0001). Basal cortisol was higher in late gestation (Figure 4b ), but there was no difference in the magnitude of the decrease after DST between the stages of gestation. In the 2000 to 0800 urine, dexamethasone led to a decrease in cortisol and cortisone similar to that observed in plasma (2.6 vs 13.0 pg/µg creatinine and 3.9 vs 13.1 pg/µg creatinine for cortisol and cortisone, respectively, P < .0001). Although basal nocturnal cortisol excretion was not different among the stages of gestation, the magnitude of the drop after DST was lower in late than in early and middle gestation (Figure 4c ), resulting in a significant interaction between stage of gestation and treatment (P < .05).
Corticotropin-Releasing Hormone Challenge
Corticotropin-releasing hormone (CRH) elicited a 20-fold increase in plasma ACTH within 15 min (45.7 vs 2.0 pg/mL, P < .0001, Figure 5a ). Concentrations of ACTH decreased until the end of the period but remained above the levels measured on the previous day between 0830 and 1100 (P < .001). The CRH also induced a 10-fold increase in plasma cortisol within 30 min (50.2 vs 4.4 ng/mL, P < .0001) (Figure 5b ). Like ACTH, cortisol levels subsequently decreased but were still above control levels at the end of the collection period (20.8 vs 11.3 ng/mL at 1600, P < .0003). In urine, there was a sharp rise in cortisol within the 0930 to 1000 interval (Figure 5c ). Peak urinary cortisol was measured 2 to 3 h after CRH injection (30.0 and 30.1 pg/µg creatinine, compared to the 1.7 pg/µg creatinine preinjection levels, P < .0001). There was thereafter a progressive, but nonsignificant, decrease until the end of the collection period. Cortisone changed in parallel to cortisol, reaching a peak 3 h after CRH injection (31.7 pg/µg creatinine). Post-CRH levels of ACTH, plasma cortisol, and urinary cortisol were not different between the stages of gestation.
Morning vs 24-Hour Measurements
The data collected during the circadian cycle study were used to assess the relationship between catecholamine and glucocorticoid concentrations in the urine produced during the night (2000 to 0800) and the average basal excretion of these hormones (amount per 24 h). Cortisol and cortisone concentrations in night urine were highly correlated with the 24-h excretion of these hormones (r 27 = .83 and .92, respectively, P < .0001). Catecholamines in night urine were also correlated with their 24-h excretion rate (r 27 = .84 and .71 for NE and EPI, respectively, P < .0001). Similar analyses were The asterisks indicate a significant difference between late and early gestation stages (*P < .05, **P < .01, ***P < .001). The symbols indicate a significant difference between late and midgestation stages ( # P < .05, ### P < .001). Figure 5 . Effect of ovine corticotropin-releasing hormone (oCRH; 1 µg/kg BW) on mean (± SEM) (a) plasma ACTH, (b) plasma cortisol, and (c) urinary cortisol. The injection was performed at 0900 (arrow). Lack of a common letter between two sampling times after oCRH indicates different concentrations (P < .05). For comparison, the average concentrations obtained on previous day have been added for each parameter (dotted lines).
performed with the concentrations obtained from urine collected over the 0400 to 0800 and 0800 to 0900 intervals. The correlation with the 24-h excretion rate was significant for all hormones (r 27 = .65 to .93, P < .0001).
Discussion
The primary purpose of this study was to investigate the feasibility of urinary glucocorticoid and catecholamine measurement for monitoring the activity of both the HPA axis and SNS in pigs. Our results show that 1) moderate changes in catecholamine and glucocorticoid secretion, as seen during the diurnal cycle, can be easily detected in urine, 2) functional tests of the pituitaryadrenal function can be monitored through urinary measurements of glucocorticoids, and 3) hormone levels in early morning urine reflect the average 24-h excretion of catecholamines and glucocorticoids. Additionally, the HPA axis activity was shown to increase with the stage of gestation.
Diurnal Changes
The pattern of the diurnal changes in plasma cortisol observed in this study, with increased levels at the end of the night and a trough around the onset of darkness, is in accordance with that observed by others in pigs (Barnett et al., 1981; Janssens et al., 1995b) . The results of this study show that glucocorticoid in swine urine evince changes similar to those in plasma. A parallel between diurnal changes of plasma and urinary cortisol in humans has been also reported (Fibiger et al., 1984; Morineau et al., 1997) . In accordance with those reports, we found a lag time between plasma and urinary peaks of cortisol, which likely reflects the additional time required for cortisol to be cleared from the circulation. Because of the large sampling interval we used, the lag time between plasma and urinary changes cannot be exactly inferred. However, close examination of the slopes between the successive points of the circadian profiles suggests that it may be approximately 2 h. Noticeably, the cortisol:cortisone ratio did not remain constant during the 24-h period, as reported for humans (Morineau et al., 1997) . In this study, it was maximal in the early morning and reached a nadir in the evening, which may reflect changes in the activity of the 11β-hydroxysteroid dehydrogenase isoform 2 (11β-HSD2), the enzyme that catalyzes the dehydrogenation of the active cortisol into the inactive cortisone in kidney (Stewart and Edwards, 1990) .
Probably due to the difficulties in obtaining reliable basal estimates of plasma catecholamines, there have been few attempts to investigate diurnal changes in their secretion in pigs, except for the study of Klemcke et al. (1989) . Using a 6-h interval sampling design, these authors did not detect any diurnal changes in plasma NE and EPI concentrations. However, a clear circadian rhythm of catecholamine secretion has been demonstrated in other species, with shorter plasma sampling intervals or urinary analysis (Mullen et al., 1981; Linsell et al., 1985; Del Rio et al., 1990) . The results obtained in the present experiment, with the lowest levels occurring at night, is in complete accordance with the pattern of diurnal changes reported in the aforementioned studies. It has been suggested that differences in body posture and physical activity account for most of the diurnal changes in catecholamine secretion (Scöfl et al., 1997) . Accordingly, the sows in the present experiment woke up promptly when the lights were switched on and showed agitation until feeding time. After eating, most of them remained active for a while, displaying high amounts of stereotypic behaviors. A similar influence of meal distribution on the pattern of diurnal activity has been reported by others (Cariolet and Dantzer, 1984) . This period of high activity is likely to be responsible for the increase in catecholamine excretion observed in the morning. However, EPI levels were already elevated in the urine collected over the 0400 to 0800 interval, when the sows were still sleeping. This late nocturnal increase of EPI may be related to a reduced energy disposal at that time because the sows involved in this study were feed-restricted and usually ate their 24-h ration within a few minutes. Increased EPI secretion has been reported in humans between 12 and 26 h of fasting, whereas NE levels decreased slightly in the meanwhile (Cryer, 1980) . According to Young et al. (1984) , the stimulation of EPI secretion during fasting may favor the maintenance of energy substrate disposal, whereas the release of NE is suppressed to spare energy.
Stage of Gestation
Limited data are available about the variation of cortisol secretion throughout gestation in pigs (Kattesh et al., 1997; Klemcke, 1997; Klemcke and Christenson, 1997) . In those studies, no change in plasma cortisol was found, at least until d 105 of gestation. In the present experiment, however, daily average plasma cortisol increased with the stage of gestation. This compares favorably with the results obtained with humans, in whom total plasma cortisol rises progressively as pregnancy advances (Smith and Thomson, 1991) . It has been suggested that this elevation is due in part to the estrogen-induced elevation of cortisol-binding globulin (Rosner, 1990) . This may explain why we did not detect significant changes in urinary cortisol levels with the stage of gestation. This hypothesis is supported by two lines of evidence. First, urinary cortisol displays a close linear correlation with the unbound plasma cortisol, the sole fraction available for glomerular filtration (Lindholm, 1973) . Second, it has been shown that the concentration of free cortisol increases more slowly and in an attenuated form throughout pregnancy, as compared to that of total cortisol (Brien and Dalrymple, 1976; Meulenberg and Hofman, 1990) . Further studies are required to ascertain whether the unbound plasma cortisol changes in parallel with urinary cortisol during pregnancy in pigs.
Functional Tests
The dexamethasone suppression test is classically used to assess pituitary-adrenal disturbances induced by chronic stress. It is used in psychiatric medicine to investigate neuroendocrine alterations associated with various disorders, such as depression (Gold et al., 1996) . Resistance to dexamethasone suppression is one of the features generally associated with increased pituitaryadrenal function, as seen during chronic stress. In pigs, for instance, severe area restriction enhanced resistance to dexamethasone, possibly in relation to the aversiveness of this condition (Meunier-Salaü n et al., 1987) . In the present experiment, the decrease in plasma and urinary cortisol following DST were comparable, which suggests that urine may be used instead of plasma to monitor the response to DST. Indeed, the accuracy of urinary cortisol measurements for the assessment of various degrees of HPA axis suppression has already been emphasized in depressed and normal human subjects (Maes et al., 1991; Tomitaka et al., 1996) . Furthermore, the difference in the efficacy of dexamethasone to lower cortisol levels between the gestation stages was evident only in urine. Hence, the magnitude of the drop in urinary cortisol levels following DST was reduced in late compared to early and midgestation, which is indicative of an increased feedback resistance at that stage. This result is congruent with the reduced suppression of plasma ACTH and with the rise of average plasma cortisol levels observed in late gestation. Accordingly, nocturnal urine may provide more accurate information on the degree of HPA axis resistance than a single plasma sample.
Another feature generally associated with increased function of the HPA axis is an enhanced adrenocortical reactivity, which can be assessed with an ACTH or CRH challenge test. Meunier-Salaü n et al. (1987) found that pigs maintained at high stocking density display enhanced cortisol response to ACTH. More recently, Janssens et al. (1995a) injected CRH to tethered and loose female pigs and found increased sensitivity of the adrenal cortex in the former compared to the latter. Conversely, the sensitivity of the pituitary to CRH remained unaltered. The response of plasma ACTH and cortisol following CRH administration that we report is similar to that observed by others for female pigs (Janssens et al., 1995a) . In the latter study, low and high doses of CRH induced comparable cortisol peak values, whereas ACTH peak levels increased continuously. However, there was a dose-dependent increase of the duration of the release of cortisol. With doses of CRH of .52 and 1.26 µg/kg, these authors noted that plasma ACTH and cortisol were still elevated at the end of the 3-h sampling period. The present study shows that they remain above basal values at least 7 h following 1 µg/kg of CRH. In accordance with the lag time necessary for cortisol to be cleared from the circulation, urinary cortisol peaked 90 min later than in plasma, that is, 2 h after CRH injection. This figure compares favorably with that reported by Carlstead et al. (1992) , who found a peak in cortisol excretion 2 h after an injection of ACTH in cats. Except for this lag time, the increase of urinary cortisol was similar to that observed in plasma. As with DST, this result shows that sampling urine may offer a noninvasive alternative to plasma sampling to monitor the response to ACTH or CRH challenge.
Potential Validity of a Single, Morning Sampling of Urine
There was a high correlation between the excretion rate of catecholamines and glucocorticoids over 24 h and their concentrations in urine produced during the night or the early morning. Indeed, the examination of individual circadian profiles revealed that variations between sows in hormone concentrations were most prominent in nocturnal (2000 to 0800) and early morning (0800 to 0900) urine. Because sows usually urinate shortly after they stand up at the time the lights are switched on, urine collected at that time may be used to assess the mean basal activity of HPA axis and SNS.
Implications
Investigating adaptive responses to husbandry practices is often difficult in pigs. This is due to a limited access to blood and to the functional characteristics of neuroendocrine systems, such as pulsatility and sensitivity to handling. Measuring corticosteroids and catecholamines in urine is a noninvasive method for the assessment of small variations in the activity of the hypothalamic-pituitary-adrenal (HPA) axis and the sympathetic nervous system (SNS). Urinary measurements may also be used in combination with challenge tests for the study of the adrenocortical function, and possibly for the study of stress responses induced by specific, acute management procedures. Assessing the basal status of the HPA axis and the SNS from a single, morning urine collection offers promising perspectives for the evaluation of neuroendocrine activity associated with a wide range of husbandry and experimental conditions.
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